In air conditioning system, efficient operation of air conditioning equipment to suit the user demand is important and to achieve that, Fuzzy Logic controller can play a key role in formulating the next generation of control technology for the traditional air conditioning equipment. The target of this research is to develop a fuzzy logic control which will allow less usage of energy by optimum operation of air conditioning which would also promote Conservation of Energy. The control system in this study also would need to achieve a Stable Climate Condition in the room within the limits of control set points and promote convenient to the users by automatic control. The control strategy proposed in this thesis work is fuzzy logic controller (FLC). A MATLAB fuzzy program tool is used to develop a fuzzy logic controller to achieve within the comfort parameters of temperature and artificial lighting as well as energy savings. Simulink program in MATLAB will also be used to simulate the fuzzy logic in this Thesis work. Based on the findings observed on the case study described in this Thesis Report, the savings achieved by the Fuzzy Logic Air Conditioning System is about 66%.With these results, it can be concluded that the objective of this Thesis work has been full filled)
Introduction 1
There has been a rising concern in reducing the energy consumption in buildings. Heating, ventilation and air-conditioning system is the biggest consumer of energy in buildings while Lighting is the second largest electrical energy use next to air-conditioning. In modern society, air conditioners are commonly found in homes and in public enclosed spaces due to the natural demand for thermal comfort. A basic of an air conditioning system consist of a conventional single speed air conditioning system to that of a variable speed type. A variable speed of air conditioning is the system that could distribute conditioned air at different temperatures.
A system with variable speed control can control the cooling capacity by changing the rotational speed of the compressor for load matching and thermal comfort; therefore, it must be complemented with a good control scheme to maintain comfort under any conditions.
The energy consumption of the compressor accounts around 90% of the total energy consumption of an air conditioning system. Most Air Conditioning Designers claimed that they intentionally oversized air conditioning design for about 10 to 15% because for future extension, renovation and change of usage.
Nowadays, the air conditioning is widely used especially in warm countries including Indonesia. Usually the conventional air conditioning is always cooling the room depending on the fixed temperature setting and is not automatically adjusted for the comfort of t h e users. In t h e c e n t r a l air conditioning control field, excellent rea l -time, high reliability, and good intelligence are proposed by many researchers. The traditional PID algorithm is, in fact, still playing a main role in the control process. The air conditioning system has becoming a field to be researched to improve the user convenience by applying intelligent system such as Adaptive Fuzzy controller. While the enhanced air conditioning system is being designed, the consideration of the type of co ntro l sys te m m u s t be i n c l u d e d in a m o d e l i n g d e s i g n . In particular the controller must be able to avoid the inefficiency of having the air conditioning operate all the time.
Several control options will be considered which would turn the air conditioning and lighting off w h e n p e o p l e a r e n o t in t h e r o o m wi t h t h e a i r conditioning a n d a temperature sensor input, which would change the air conditioning operation depending on room t e mp era t ur e [ 1] .
Based on t h e o b s e r v a t i o n of t h e u s i n g t h e present conventional air conditioning a p p l i c a t i o n , it a l w a y s w o r k i n g a l l t h e time without a systematic control. Therefore, the control of the air conditioning is adjusted through a feedback control system to monitor and maintain a constant temperature based on the data input from the sensors.
This p r o j e c t w i l l c a r r y o u t a s t u d y on t h e a i r c o n d i t i o n i n g t e mp e r a t u r e c o n t r o l system by using the current temperatures in the room and at outside. Input from these temperature s e n s o r s and set point will be used tool the compressor s p e e d to achieve t h e d e s i r e d p o i n t . This research will only focus on the main component, which is the compressor system in a i r c o n d i t i o n i n g w h i c h s i g n i f i c a n t l y a f f e c t s t h e temperature change.
Design and Simulation

Problem
The problem happens when the air conditioning is still functioning although in the event of cold weather. The function is uncontrolled and must be manually turned on and off. Sometimes it can lead to high usage of electricity which in turn raises the electricity y bill when the user forgot to switch it off. The system also does not have the capacity y to adjust the room temperature regardless of the ambient temperature. In some cases, both air conditioning and lighting were left switched on during when the users have left that location and no longer present there. Also, at locations where daylights are provided sufficiently, users usually fail control the Lighting based on daylight condition at a different time of the day. To address the problem, an automatic controller that can control the temperature automatically is proposed. The advantages of such a system are less energy usage and provides more convenient to the consumers.
Research Objectives and Significance of study
To find the mathematical model of an air conditioning system. To find control logic for the Lighting System Control. To simulate the design of AC and Lighting System controller using Fuzzy Logic in MATLAB. To analyze the performance of the control system. Efficient energy usage due to Optimum operation of air conditioning and Lighting which promote Conservation of Energy, Efficient usage of electricity which in turn reduce the electricity bill.
Stable Room Thermal Comfort as the air temperature, air humidity and air velocity in the room will be maintained within the limits of control set points. Stable Visual Comfort as the Lux level in the room will be maintained within the limits of control set points.
Literature Review -Function of compressor that affects the temperature
The function of compressors are similar to pumps both increase the pressure on a fluid and both can transport the fluid through a pipe. As gases are compressible, the compressor also reduces the volume of a gas. Liquids are relatively incompressible while some can be compressed, the main action of a pump is to pressurize and transport liquid. The compressor will inhaling refrigerant from the evaporator coil and then compressing it into the condenser coil. The compressor is usually driven by electric motors that require high electrical power to drive the compressor. The compressor is usually controlled by a thermostat that measures the room air temperature. If the room temperature was quite cold, the thermostat will turn off the compressor. Adjusting the motor speed can control the refrigerant mass flow rate. The refrigerant mass flow rate, in turn is the main factor governing heat exchange in the condenser and evaporator, which exchange determines temperature. In summary then, adjustments of compressor motor speed can control the temperature of an air-conditioned room.
Analytical Method and the Process Flow
The flow of the process will be started with the studying of the journal and documentation that related with this research and understand the flow to design. The first step will be to derive the mathematical model of the system. This is very important because all the parameter must be accurate to get the best result. But for this research, since the air conditioning system is very complicated equation if the all aspects are taken into account. Hence, this study will only focus on the compressor speed and the temperature of the room. The Figure 3 .2 illustrates the flow of the process to study the air conditioning control system.
In order to find the mathematical model of the plan, firstly the calculation of room BTU is taken into account. The heat from the room will affect the actual room temperature. To find the value of the BTU, the all aspect heat load must be considered. The heat load depends on a number of factors, by taking into account those that apply in your circumstances and adding them together a reasonably accurate measure of the total heat can be calculated. Factors include the floor area of the room, the size and position of windows, and whether they have blinds or shades, the number of room occupants, the heat generated by equipment and the heat generated by lighting.
Based on the BTU room value, the air conditioning system is selected. From the air conditioning system, the type of compressor will be known. The compressor that affects the temperature room equations is very complicated. The process of heat transfer starts from the compressor speed to evaporator coil and the condenser coil. The condenser coil then changes the output temperature. To find the relationship between speed compressor and output temperature, the evaporator and condenser will be ignored. The parameters that are involved will be obtained through the experiments that have been done by the others researches.
The controller will be based on the Fuzzy Controller and will be realized using Mat lab programming and Simulink. The fuzzy block parameters will be designed using the fuzzy.fis that is available in MATLAB. The System will be controlled with Fuzzy Controller. As for the Lighting Control, the control logic of it will be using direct input from the motion detectors which detect the present of occupants in the room and Light Sensors which detect the level of Lux level in the room. The Figure 3 .3 illustrates the flow of the process to Design the Lighting Control system.
Control System Block Diagram
The block diagram of the propose system is illustrated in Fig ure 1 . For Air Conditioning System Control, the two input variable will be from the actual room temperature and the outside room temperature. Data from these Temperature inputs and Set Point input will allow the controller to control the speed of the compressor to achieve the desired set point temperature. As the speed of an induction motor is proportional to the frequency of the AC, the compressors runs at different speeds. A controller can then sample the current ambient air temperature and adjust the speed of the compressor appropriately. The o utp ut of fuzzy controller will be the compressor speed, fan coil fan speed and outdoor fan speed that has several different modes which are in the range of low, medium and fast. 
Basic of Fuzzy Logic and Simulink Program Preparation
A university teaching classroom (Typical) as shown in the Figure 2 below will be utilized as a reference in the preparation of the Fuzzy Logic and Simulating Program. The study will be on how the Air Conditioning System and Lighting System in these typical classrooms can be controlled to improve the comfort level as well as energy efficiency and hence, provide saving in the energy cost. After establishing the savings achieved for each typical classroom, it can be multiply with the number of classrooms that the University has so that the result obtained will show the overall monthly savings achieved by the University for All Classrooms. • 
Calculated Capacity of the Outdoor Air Fan in this case study is 840CMH and One Unit of below mentioned Fan is selected.
It is assumed that actual Power Consumption of Outdoor Fan is 80W which is as per data provided in the AXAIR equipment catalogue as follow: 
Preparation of Fuzzy Rules and Fuzzy Program
In this Thesis work Fuzzy Logic for the Control of both Lighting System and air Conditioning system will be done in separate Fuzzy program but both program will be integrated in a common control to control the same room. Fuzzy program in Mat lab is used to prepare the Fuzzy Logic of both Air Conditioning control system and Lighting control system. In order to do that, rules need to be established and it is established based on the expected inputs and desired outputs. A few round of fine tuning to the rules need to be carried out in order to achieved most workable Fuzzy Logic program.
Preparation of Simulink Program for Simulation
Simulink Library in Mat lab is used to prepare the Simulink Program of both Air Conditioning control system and Lightng control system. In order to do that, input and output blocks in Simulink Library need to be used to establish the Simulink program and it is established based on the numbers of inputs needed and types of input for it. In the same Simulink program, the numbers of outputs needed and types of output for it. A few round of fine tuning to the Simulink program need to be carried out in order to achieved most workable Simulink program. 
Fuzzy Rules Developed
Fuzzy Rules developed for the Air Conditioning System
After studying on the input and output requirements of the Fuzzy logic program, the following most workable Fuzzy rules as shown in Table 1 
Conclusion
Summary of Savings achieved by Fuzzy Logic Control System
The following Two Tables (Table 6 and 7) summaries the amount of savings can be achieved by using Fuzzy Logic Control System against conventional Control System for both Lighting Control system as well as Air Conditioning Control System. The savings achieved by the Fuzzy Logic Air Conditioning System is about 66% while the savings achieved by the Fuzzy logic Lighting Control System is about 23%. With these results, it can be concluded that the objective of this Thesis work has been full filled. 
Recommendation
It is recommended that further research on similar topic should be carried out by the next generation of Master students to understand more about how Fuzzy logic Control System can be applied in efficient control of Air Conditioning system in a large building.
It is recommended that the next generation of Master students should do further research on the same subject but focusing on using the Outdoor Temperatures and Outdoor Relative Humidity as feedback inputs .It is expected that more accurate Room Temperature and Room Humidity Control can be achieved with such additional feedback inputs.
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